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Objective: In patients with aortoiliac occlusion, the internal thoracic artery-inferior epigastric artery (ITA-IEA) collateral
is one of the collaterals supplying blood flow to the lower extremity, and the interruption of this collateral may cause
severe leg ischemia. The aim of this study was to evaluate by color duplex ultrasonography scans the ITA-IEA pathway
and its significance as a collateral in providing lower-extremity perfusion in aortoiliac occlusive disease.
Methods: Color duplex ultrasonography scans were prospectively performed in 64 consecutive patients with aortoiliac
occlusion. Blood flow measurement in the ITA, IEA, and common femoral artery was done on both sides. The patients
were stratified according to occlusion level (aorta, common iliac artery, external iliac artery), and the data obtained from
such groups were compared.
Results: In 95% of patients with aortoiliac occlusion, the ITA-IEA pathway was functioning as a collateral, with mean
collateral flow of 66  48 mL/min, and its average contribution to lower-extremity perfusion was 38%  23%.
Additionally, a moderately positive correlation was found between flows of ITA and IEA (r  0.55, P < .0001).
Depending on the level of occlusion, the collateral flow and its contribution to perfusion progressively decreased from the
proximal to distal aortoiliac occlusion level. Furthermore, the difference in the ITA-IEA flow volume was statistically
significant between occlusion levels (P  .009), but the differences in the perfusion contribution were not different
among levels (P  .311). There was also no statistical difference between the groups concerning collateral flow volume
and contribution to lower-extremity perfusion in relation to unilateral or bilateral occlusion of the iliac artery, the state
of distal run-off being good or poor, or the clinical findings being mild or severe.
Conclusion: In patients with aortoiliac occlusion, the ITA-IEA collateral pathway is an important route providing
lower-extremity perfusion. Additionally, Doppler sonographic flow measurements of the contribution of the ITA-IEA
route to lower-extremity perfusion may provide beneficial diagnostic information necessary for the pretreatment work-up
of patients with aortoiliac occlusion, especially for whom the ITA is planned to be used as a coronary artery graft. ( J Vasc
Surg 2006;43:707-13.)The internal thoracic artery (ITA), also known as the
internal mammary artery, is the conduit of choice for cor-
onary artery bypass grafting (CABG) and is routinely used
in many institutions. However, because the ITA can be a
major collateral pathway to lower limbs in patients with
aortoiliac artery occlusive disease, the use of the ITA for
myocardial revascularization may be associated with severe
leg ischemia.1-5 Doppler ultrasonography scanning, which
is a noninvasive and easily available method, can determine
not only the existence of this collateral but also its contri-
bution in the blood supply to the lower limb. The aim of
this study was to prospectively evaluate the internal thoracic
artery-inferior epigastric artery (ITA-I˙EA) pathway as a
collateral in providing lower-extremity perfusion in patients
with aortoiliac occlusive disease as assessed by color duplex
ultrasonography (CDU) scanning.
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From May 2002 to September 2004, we prospectively
examined all patients referred for CDU scans of the aorta
and peripheral arterial system of the lower extremities.
Patients who had evidence of complete occlusion of aorta
or iliac arteries on CDU examination were selected for our
study. There were 60men and 4 women with a mean age of
62 years (range, 34 to 79 years). Fifty-six patients had
intermittent claudication, three had rest pain, and five had
ischemic ulceration on the legs. Patients were excluded
from this study if they had (1) occlusion of a common
femoral artery (CFA), (2) previously undergone surgical
revascularization or other interventional treatment of the
lower-extremity arteries, (3) an ITA previously used as a
conduit for CABG, or (4) a lower-extremity amputation.
All patients gave oral informed consent. The institutional
review board approved the study.
After 15 minutes of rest in the supine position, spectral
Doppler velocity waveform and diameter measurements
were obtained from ITA, IEA, and common femoral artery
(CFA). The ITA was evaluated by using a parasternal
approach in a parasagittal plane at the level of second
intercostal space. The examination to find the origin of the
IEA began at the level of the CFA in a transverse plane, and
moving superiorly, the origin of the IEA was identified
about 1 to 2 cm above the inguinal ligament. The IEA and
its accompanying vein were localized just posterior of the
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followed longitudinally. The IEA was distinguished from
the accompanying vein by the presence of an arterial Dopp-
ler signal.
To prevent errors in velocity measurement, Doppler
samples in the IEA were obtained in the proximal 2 to 4 cm
of the artery where it can be followed as a straight tubular
structure. When the flow in IEA was in a cranial direction it
was considered normal flow, and when it was in a caudal
direction it was assumed to be reverse flow.
Flowmeasurements in CFAweremade 1 to 2 cm above
the origin of the deep femoral artery.When flow in a reverse
direction (flow in cranial direction) was determined in the
deep femoral artery, measurements were made at the prox-
imal superficial femoral artery to add the contribution of
the collateral flow that develops through the deep femoral
artery.
All CDU examinations were performed by the same
experienced radiologist (M. T.), who was not aware of the
level of arterial occlusion. CDU examinations were per-
formed with the GE Logiq 700 (General Electric Com-
pany, Milwaukee, Wis) equipped with a 5- to 10-MHz
linear-array transducer. The Doppler angle was kept at the
60° standard. Sample volume was expanded over the entire
vessel diameter with the intention of including the slower flow
near the vessel wall. A 3000-Hz pulse repetition frequency
value was used as a default. The velocity scale was set accord-
ing to peak systolic flow velocity. Inner diameters of the
vessels were measured at the same site where the Doppler
spectrum was obtained. The mean blood flow velocity
(Vmean) and the blood flow were calculated automatically
by using the built-in software of the equipment in use.
Blood flow in mL/min was determined by using the for-
mula: Vmean (in cm/s) cross-sectional area of the vessel
(in cm2)  60. The measurements of blood flow of the
vessels were repeated at least three times and later averaged.
All patients underwent digital subtraction arteriography
48 hours after the CDU examination. Digital subtraction
arteriography was performed with a Polytron V 1000 an-
giographic unit (Siemens, Erlangen, Germany) by using a
percutaneous transbrachial or transfemoral catheterization
technique.
For statistical analysis, the right and left sides of each
patient were accepted as separate cases. The level of aor-
toiliac occlusion was determined by angiography. The sides
that did not show aortoiliac occlusion were included in the
control group. The sides with aortoiliac stenosis were also
included in the control group if no functioning ITA-IEA
collateral was seen. The ITA flows of the control group and
the group with aortoiliac occlusion and working ITA-IEA
collaterals were compared. In addition, because important
collaterals can develop from xiphoid branches between the
right and left ITAs, ITA flows in sides with aortoiliac
occlusion and in the counterlateral sides without aortoiliac
occlusion were compared.
Reverse flow volumemeasured at the proximal IEA was
defined as ITA-IEA collateral flow volume. CFA flow was
defined as lower-extremity perfusion. The percentage con-tribution of the ITA-IEA collateral to lower-extremity per-
fusion was calculated using the formula: (IEA flow volume/
CFA flow volume)  100. Of the 128 sides in 64 patients,
nine were excluded from final evaluation (4 had a CFA
occlusion, 1 surgical revascularization, 2 amputation and 2
ITA graft). Images from one patient are shown in Fig 1.
The influence of four separate factors on ITA-IEA CFA
Doppler flow data was examined:
1. levels of occlusion and refilling via collateral (abdominal
aorta, common iliac artery, external iliac artery),
2. iliac artery occlusion as unilateral and bilateral,
3. state of distal run-off as good (distal arteries open) and
poor (femoropopliteal occlusion or occlusion in at least
two arteries in the calf), and
4. severity of clinical symptoms as mild (Fontaine 1 and
2A) and severe (Fontaine 2B to 4).
In each of the analyses, subgroups were compared in
terms of flow volume in the ITA-IEA collateral and its
contribution to the blood supply to the leg. The results are
reported as mean  SD. Flow measurements from defined
groups were compared by Kruskal-Wallis one- way analysis
of variance, the Mann-Whitney U test, and t tests. P  .05
was considered to be indicative of a statistical difference.
Linear regression methods were used to analyze the rela-
tionships both between ITA and IEA flow, and between
the contribution of the ITA-IEA collateral pathway to
lower-extremity perfusion and its flow.
RESULTS
IEA flow was reversed (in a caudal direction) in 72
(95%) of 76 sides showing aortoiliac occlusion, normal in
three sides (4%), and occluded in one side (1%). In contrast,
IEA flow was normal (in a cranial direction) in 40 (93%) of
43 sides that did not show aortoiliac occlusion. Reverse
flow was present in three sides (7%) without aortoiliac
occlusion (aortic stenosis in 2; severe iliac stenosis in 1).
Because the contribution of the ITA-IEA collateral was less
in these three sides with aortoiliac stenosis where reverse
flow was observed in the IEA compared with sides with
aortoiliac occlusion (average flow was 43 mL/min and the
proportion of contribution to lower-extremity perfusion
was 11%), these three sides were not included in the study.
In the remaining sides, the average ITA flow was 50  28
mL/min in patients in the control group and 104  52
mL/min in patients in the group with aortoiliac occlusion
(P  .0001). Additionally, there was a statistically signifi-
cant difference in ITA flow between the sides with unilat-
eral iliac occlusion and the contralateral patent sides (87 
46 mL/min and 50  28 mL/min, respectively; P 
.0002).
In patients with aortoiliac occlusion, the mean ITA-IEA
collateral flowwas 66 48mL/min and its contribution to
lower-extremity perfusion was 38% 23%. Furthermore, a
moderately positive correlation was found between ITA
flow and IEA flow (r  0.55, P  .0001) (Fig 2), and local
linear regression showed a relationship between the pro-
the f
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lower-extremity perfusion and the ITA-IEA flow (Fig 3).
Additionally, as seen on the graph, the flow volume of the
Fig 1. Right common iliac artery occlusion in a 65-year
common iliac artery. There is faint reconstitution of the
iliac artery (arrow) that is due to partial washout of con
internal thoracic artery-inferior epigastric artery (ITA-IE
artery demonstrates anastomosis between the ITA-IEA
right external iliac artery.C,Color duplex ultrasonograph
measured as 126mL/min in the IEA and 262mL/min in
to lower-extremity perfusion is calculated to be 48%.ITA-IEA collateral increased linearly up to a 50% level ofcontribution to lower-extremity perfusion (85 mL/min),
but after that level, it showed almost no change.
Mean flow volumes of the ITA and IEA decreased
an. A, Abdominal aortogram reveals occlusion of right
external iliac artery on the right via the deep circumflex
aterial by unopacified blood from the ipsilateral of the
llateral. B, Selective angiography of the right subclavian
w) via the superior epigastric artery, reconstituting the
wsmonophasic spectral pattern in the IEA. The flowwas
emoral artery, the contribution of the ITA-IEA collateral-old m
distal
trast m
A) co
(arro
y shoaccording to the level of occlusion (aorta, common iliac
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there were statistically significant differences between flow
volumes at each of these levels (P  .0001 and P  .009,
respectively) (Table I, Fig 4). I n contrast, although the
contribution of the ITA-IEA collateral flow to lower-
Fig 2. Correlation between internal thoracic artery (ITA) and
inferior epigastric artery (IEA) blood flow (r  0.55, P  .0001).
Fig 3. Scattergram illustrates the proportion of contribution of
the internal thoracic artery (ITA)-inferior epigastric artery (IEA)
collateral pathway to lower-extremity perfusion vs ITA-IEA flow.
Local linear regression curve indicates that mean maximum flow is
85 mL/min.extremity perfusion also decreased from the proximal todistal level of aortoiliac occlusion, the difference between the
levels was not significant (P  .311) (Table I, Fig 5). There
was also no statistically significant difference between the
occlusion levels concerning collateral flow volume and the
contribution to lower-extremity perfusion (Table II). Sim-
ilarly, collateral flow volume and contribution to lower-
extremity profusion were not significantly different when
unilateral vs bilateral occlusion of the iliac arteries, the state
of distal run-off being good or poor, or the clinical findings
being mild or severe were considered.
DISCUSSION
In aortoiliac occlusive disease, various collateral path-
ways maintain blood flow to the lower extremities.6-12 The
ITA-IEA pathway is one of these collaterals, but it may
easily be overlooked owing to its origin distant from the
aortoiliac segment. This collateral pathway involves the
ITA arising from the first part of subclavian artery connect-
ing through the superior epigastric artery and the IEA and
eventually to the external iliac artery (Fig 6). Because the
ITA is extensively used for CABG in patient populations at
high risk for associated atherosclerotic peripheral arterial
disease, preoperative evaluation of this collateral pathway is
of significant importance.
Interruption of critical collaterals from ITA is consid-
ered to be a major cause of acute limb-threatening ischemia
in patients with aortoiliac occlusive disease.2,3 Acute limb
ischemia has also been reported in patients with aortoiliac
occlusive disease after CABG.1-5 Acute limb-threatening
ischemia after cardiac operations may result from events
such as insufficient perfusion during cardiopulmonary by-
pass, low cardiac output in the postoperative period, over-
use of vasopressors, atheromatous embolization, postoper-
ative thrombosis, and interruption of the ITA collateral
pathway.3 Additionally, using the epigastric artery as flap in
reconstructive surgery and performing a transverse abdom-
inal incision in nonvascular procedures, which interrupts
the epigastric arteries, may result in serious leg ischemia for
patients with aortoiliac occlusion.4,11,13
When patients with aortoiliac disease are selected for
CABG, selective ITA angiography or Doppler evaluation of
the IEA likely should be done to assess the condition of the
ITA and IEA as a potential collateral pathway to the lower
extremity.2,13-16 On angiography, if ITA is found to be the
collateral to the ipsilateral external iliac artery or if there is
Doppler evidence of reversal of IEA flow, it is recom-
mended to avoid the use of the ITA or to perform a
sequential or staged revascularization of coronary and pe-
ripheral arteries. However, opacification of the external iliac
artery by the ITA-IEA collateral route on angiography or
the presence of reverse flow in the IEA on Doppler only
indicates that the ITA-IEA collateral is functioning, and
these findings do not give information about the amount of
collateral contribution to lower-extremity perfusion.
To our knowledge, no detailed study up to now has
evaluated the contribution of ITA-IEA collateral to lower-
extremity perfusion in aortoiliac occlusion. In our study,
the contribution of this collateral to lower-extremity per-
iliac a
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measurement. This study showed that the average flow
volume and contribution of the ITA-IEA collateral to
lower-extremity perfusion was 66 48 mL/min and 38%
 23%. Additionally, this collateral pathway was open in
99% of patients with aortoiliac occlusion and was function-
ing as a collateral pathway in 95%. Thus, this collateral
pathway, which is less affected by atherosclerosis compared
with the other potential collateral networks, becomes po-
tentially significant in a patient with aortoiliac occlusive
disease that is a candidate for CABG.
The contribution of this collateral to lower-extremity
perfusion is limited (maximum 85mL/min), however. The
main reason for this limitation is likely the high resistance
that is caused by the collateral pathway being rather long
and the existence of a thin vessel network between the
superior and inferior epigastric arteries. The flow in this
collateral becomes reversed only in a severe or complete
Table I. Mean flow volume of the ITA and I˙EA in aortoil
percentage contribution to lower-extremity perfusion
Aortic occlus
(n  28)
ITA flow volume (mL/min) 131  56
IEA flow volume (mL/min) 85  58
Contribution to lower-extremity perfusion (%) 42  24
ITA, Internal thoracic artery; IEA, inferior epigastric artery; CIA, common
Fig 4. Graph shows the flow in the internal thoracic artery-
inferior epigastric artery (IEA) collateral according to their level of
occlusion (1-abdominal aorta, 2-common iliac artery, 3-external
iliac artery). The o shows the extremes of the data.aortoiliac obstruction. For this reason, Doppler determina-tion of flow direction can be used as screening test for
aortoiliac obstruction.17
Our study has some limitations, one of which is the
assumption that the CFA supplies the entire lower-extremity
blood flow. The other limitation is that the study was based
on Doppler flow measurement. Doppler flow measure-
ments are known to be prone to variability. Small changes
in diameter measurement and Doppler angle estimation
can lead to non-neglectable errors in blood flow measure-
ment. Blood flowmeasurement using Doppler is also influ-
enced by many environmental factors such as systemic
blood pressure, temperature, and heart beat rate. To limit
the influence of these factors in our study, in addition to
absolute blood flow measurement of the ITA-IEA collat-
eral, the proportion of contribution to low-extremity per-
fusion was calculated and evaluated.
In this study, the ITA-IEA collateral that develops in
cclusive disease and the ITA-IEA collateral pathway
CIA occlusion
(n  27)
EIA occlusion
(n  17)
Control
(n  40) P
94  43 71  28 50  28 .0001
59  34 39  32 — .009
37  20 32  28 — .311
rtery; EIA, external iliac artery.
Fig 5. Graph shows the proportion of contribution of the inter-
nal thoracic artery-inferior epigastric artery collateral pathway to
lower-extremity perfusion according to their level of occlusion
(1-abdominal aorta, 2-common iliac artery, 3-external iliac artery).
Whiskers represent median  SD.iac o
ionpatients with aortoiliac occlusion was examined, but other
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action occurs between the collaterals that provide lower-
extremity perfusion. If the other collaterals are well devel-
oped, then the flow of the ITA-IEA collateral will be less
effective in supplying perfusion to the lower extremities.
This study found that the contribution of the ITA-IEA
collateral pathway to lower-extremity perfusion was higher
in the section of proximal aortoiliac occlusion compared
with distal occlusion, and this can be partially explained by
the fact that in proximal occlusion, more distal collaterals
cease to function. In other words, the ITA-IEA collateral
pathway appears more important in aortic and common
iliac arterial occlusion, but in external iliac artery occlu-
sions, the hypogastric collateral route likely has a high flow
rate.
This study was not done with the aim of determining
the threshold amount of collateral flow that would result in
severe leg ischemia after the interruption of the ITA-IEA
collateral. However, in a patient with aortoiliac occlusion, if
the ITA is used as a graft, the risk of acute ischemia developing
in the lower extremity is expected to increase with the direct
proportion of the ITA-IEA collateral contribution to
lower-extremity perfusion. This is because when the ITA
is used as a graft, its function as a collateral would be
disrupted, and if it is a major collateral, then the other
secondary collaterals, whose contributions are likely very
low, would not compensate for the interrupted flow of
ITA-IEA collateral route. Therefore, during the work-up of
patients with aortoiliac occlusion who require CABG, not
only should the absolute quantity of the flow of this collat-
eral to lower extremity be assessed but also its contribution
to lower-extremity perfusion.
Although differences were noted in terms of ITA-IEA
collateral flow according to the levels of aortoiliac occlu-
sion, there was also a significant overlap in flow volume
between these groups. And, still more important, no sig-
nificant differences were found in the proportion of contri-
bution to lower-extremity perfusion. Furthermore, there
Table II. Comparison of groups according to their
angiographic and clinical findings
IEA flow volume
(mL/min)
Contribution to
lower-extremity
perfusion (%)
Iliac occlusion
Unilateral 54  34 35  23
Bilateral 58  33 22  17
P  .599 P  .139
Distal run-off
Good 61  47 37  24
Poor 69  45 40  20
P  .563 P  .529
Clinical finding
Mild 73  51 38  22
Severe 49  38 36  25
P  .082 P  .659
IEA, Inferior epigastric artery.were no differences in flow volume or contribution toperfusion according to differences in the clinical findings
and distal run-off. Therefore, for the management an indi-
vidual patient with aortoiliac occlusion, there do not appear
to be clinical predictors of the importance of the ITA-IEA
pathway, and the contribution of this collateral to lower-
extremity perfusion should be evaluated before CABG.
Angiography may be used at this step; however, CDU
evaluation has some convincing advantages, such as its
ability to provide objective hemodynamic data regarding
the flow direction, flow volume, and perfusion.
CONCLUSION
In aortoiliac occlusion, the ITA-IEA collateral pathway
is an important route providing lower-extremity perfusion.
Doppler sonographic flow measurements of the contribu-
tion of the ITA-IEA route to lower-extremity perfusion
may provide beneficial diagnostic information necessary for
Fig 6. Schematic view of the collateral circulation via the internal
thoracic and epigastric arteries in occlusion of the left common and
external iliac arteries. ITA, Internal thoracic artery; SEA, superior
epigastric artery; IEA, inferior epigastric artery.pretreatment evaluation of the patients with aortoiliac oc-
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Volume 43, Number 4 Yurdakul et al 713clusion, especially those for whom the ITA is planned to be
used as a graft.
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